Abstract: Densities and ultrasonic velocities of aqueous mixtures of methyl cellulose (MC) and polyethylene glycol (PEG) and of methyl cellulose and hydroxyl propyl methyl cellulose (HPMC), over the compositions, 9:1, 8:2 and 6:4, and of MC, HPMC and PEG, over the compositions, 9:0.5:0.5, 8:1:1 and 6:2:2, have been measured with and without acelofenac at 298.15K and at atmospheric pressure. The experimental ultrasonic velocities have been used to determine isentropic compressibilities, apparent isentropic molar compressibilities, acoustic impedance, molar compressibility, molar sound velocity, free volume and relative association for the systems with and without aceclofenac. The results have been discussed in terms of solute solvent and solute-solute interactions and various structural effects.
Introduction
Water-soluble cellulose ether polymers are widely used in food products, adhesives, paints, textiles and paper. These are also used in the pharmaceutical industry 1 . Cellulose ethers have also found widespread use 2 in the formulation of many of the over 4000 pharmaceutical products. In solid dosage forms, they are usually used as tablet binders, film-coating agents, and controlled released matrix formers. Water soluble cellulose ethers, such as MC, HPMC, HPC and HEC are effective as hydrophilic matrix forming components 3, 4 . Cellulose ether polymers have also been used for microencapsulation 5 and in disperse systems 6, 7 , where interfacial interactions are important. The objective of this study was to determine the polymer solvent interactions in presence of the water-insoluble drug, aceclofenac in aqueous mixtures of cellulose ether polymers, such as MC, PEG and HPMC, as the drug-polymer interactions can significantly impact the quality of the film coating and the bioavailability of a film coated dosage form. Despite their importance, very little work has been done on drugpolymer interactions 8 . To date, no study has attempted to relate the impact of drugs with aqueous mixtures of two or more polymers. The present investigation has been carried out to study interactions in drug-polymer mixtures at the molecular level by means of density and ultrasonic velocity measurements in the aqueous mixtures of MC and PEG, and of MC and HPMC in the proportions of 9:1, 8:2 and 6:4 and of MC, HPMC and PEG in the 9:0.5:0.5, 8:1:1 and 6:2:2 proportions at 298.15K and at atmospheric pressure with and without the drug, aceclofenac.
Experimental
Methyl cellulose, hydroxyl propyl methyl cellulose 5000 and polyethylene glycol 10,000 were provided by Fluka® Analytical, sigma Aldrich chemie GmbH, Steinbien, Germany. Aceclofenac was provided by Aldrich Chem. Co. Water with a conductivity of < 1.0×10 -6 S cm 
Procedure

Preparation of aqueous solution of methyl cellulose bases
Aqueous solutions of MC, HPMC and PEG were prepared on a w/v% (1%). Using distilled water as a solvent MC (0.9%, 0.8% and 0.6%) was dispersed in the distilled water together with PEG (0.1%, 0.2% and 0.4%) respectively, at 298.15 K. Another three stock solutions were prepared using HPMC (0.1%, 0.2% and 0.4%) together with MC (0.9%, 0.8% and 0.6%). Similarly MC (0.9%, 0.8% and 0.6%) was dispersed in water together with HPMC (0.05%, 0.1% and 0.2%) and PEG (0.05%, 0.1% and 0.2%) respectively at 298.15 K. The preparation of aqueous mixture of the polymers in the above composition was done, by using a mechanical stirrer (Homogenizer CAT, model X120 made by M. Zipper GmbH, Germany with a 4 blade propeller, f 60 mm.) at 1000 rpm in a batch size of 200 mL for at least 1 h with continuous stirring to assure a complete solubilisation. These nine stock solution thus prepared were labeled as S1, S2, S3, S4, S5, S6, S7, S8 and S9 respectively and stored at 4 o C until required and subjected directly to density and ultrasonic velocity measurement at 298.15 K.
Preparation of aqueous solutions of MC bases with the drug aceclofenac
MC (0.9%, 0.8% and 0.6%) was dispersed in distilled water containing aceclofenac (0.5 g) and PEG (0.9%, 0.8% and 0.6%) at 298.15 K. Similarly mixture of MC and HPMC and of MC, HPMC & PEG with aceclofenac were obtained and the homogenous solutions were prepared as above using a mechanical shaker and stored at 4 o C until required for the density and ultrasonic velocity measurement at 298.15 K. The stock solutions were labeled as Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8 and Q9 respectively ( Table 1) . 
Results and Discussion
The densities and ultrasonic velocity values of water 9 and of various samples (S1 to S9 without drug and Q1 to Q9 with drug) measured at 298.15 K are shown in Figure 1 and 2, respectively. The values of density and sound velocity displayed in figures represent the average of at least three independent measurements. As observed, the density value of aqueous mixture of MC and PEG (9:1) is less than that of water and increase when PEG proportion increases (i.e., in 8:2 mixture) and then becomes less in 6:4 ratio mixture. The lowering of density value with the addition of MC and PEG to water may be due to the fact that water molecules because of the smaller size, as compared to the polymer materials causing the latter to swell resulting in the increased volume and hence the density value decreases. The higher density value of 8:2 ratio MC and PEG mixture than water and also than (9:1) ratio mixture may be due to the fact that the dissolution of polymer in water is a slow process and occurs in two stages 10 ; First the solvent, water molecules penetrate deep into the polymer to produce a swollen gel, and secondly the strong polymer-solvent (water) interactions overcoming the polymer -polymer intermolecular force of interaction transform the swollen gel into true solution resulting in a decrease in volume thereby increasing the density. Further, as the PEG proportion increases in aqueous MC mixture (i.e., 6:4 ratio-MC-PEG mixture), PEG exists in fully swollen state thereby causing an increase volume and hence a decrease in density.
As can be seen from Figure 1 , the density values for the aqueous mixture of MC and HPMC (S4, S5 and S6) are lower than those of water and also of MC + PEG mixture and tend to decrease as the proportion of HPMC increases in the mixture. Similarly, the density Density, kg m -3 Ultrasonic velocity, ms -1 values of the samples (S7, S8 and S9) containing all the three polymers are found to be lower than that of water and of the mixture of MC and PEG and tend to increase with increase in the proportion of HPMC and PEG. The decrease and increase in density values with respect to that of water may thus be accompanied with the formation of the swollen gel and its transformation into the true solution, respectively.
The variation of the density values of the aqueous mixture of the polymers containing the drug, aceclofenac (samples, Q1 to Q9) is also displayed in Figure 1 . As can be seen, the density values of the aqueous mixture of polymers with drug are less than that of water but more than those of the mixtures without drug. However the density values show maxima in the samples Q2 & Q5 (i.e., in 8:2 ratio mixtures of MC and PEG and MC and HPMC) and increase continuously the mixtures containing all the three polymers. As usual, the formation of the swollen gel and the transformation of the swollen gel into true solution may be the plausible cause of the decreased and the increased density values of the samples, respectively. (1) and the internal pressure 11 as Table 2 and 3 respectively. The value of free volume, V f has been calculated from the relation 13 .
V f = V m -b (6) Where V m is the molar volume of the mixture and is given by V m = м av / d and i is the number of moles and m i is the molecular mass of the i th component in the mixture and 'd' is the density of the corresponding aqueous mixtures of the polymers. In equation (6) , 'b' is the Vander walls constant and obtained from the relation 14 .
Where R is the universal gas constant, T (298.15) K and м av is the average molecular mass of the mixture as given in equation (8) . The value of V f along with that of internal pressure, π i are given in Table 4 . As can be seen from Table 2 , the values of isentropic compressibility, K s show a minima in the 8:2 ratio of MC and PEG mixture while there is an increasing trend shown by the MC and HPMC mixture and a decreasing trend by the MC, HPMC and PEG mixtures. However, the mixture of the polymers containing aceclofenac show isentropic compressibility maxima at 8:2 ratio of MC & PEG mixture and minima at the similar combination of MC and HPMC and 8:1:1 ratio combination of MC, HPMC and PEG. Addition of polymers to water results in the breaking of the 3d-polymeric structure of water and formation of some complex structure/aggregate. The tendency of aggregate formation increases in the presence of the drug, aceclofenac as a result of which the K s values become comparatively smaller than the values of the samples containing no aceclofenac. It means that the addition of the drug to the aqueous mixtures of polymers of different compositions makes the medium electrostrictive as a result of which the isentropic compressibility decreases, and the internal pressure increases.
It is observed that the apparent isentropic molar compressibility, K s o decrease with addition of drug to the aqueous mixtures of the polymers. The values of K s o are negative and this negative value can be explained in terms of two different phenomena; electrostriction and hydrophobic salvation. It means that the medium is compressed in presence of drug, and does not respond to further application of pressure due to hydrophobic salvation due to the fact that the drug molecules enter into the hydrophobic central cavity of the water soluble polymer molecules.
A perusal of Table 2 shows that the acoustic impendence Z is higher for the mixture of MC& PEG and is less for the mixtures of MC and HPMC and of MC, HPMC and PEG as compared with that of water. The Z value decreases for some mixture with addition of the drug. Since the acoustic impedance is a measure of the resistance offered by the liquid medium to the sound wave and is a function of the elastic properties of the medium, the variations of Z values suggest that probably in certain composition, the medium starts losing its elastic property.
The value of the relative association, R o (Table 2) show a slight decrease from unity as we move from pure water to aqueous mixtures containing MC and PEG but show a significant decrease for the mixtures of MC and HPMC and of MC, HPMC and PEG. The decrease in R o values is also marked in the mixtures of the polymers containing aceclofenac. The relative association is influenced by two factors; (i) breaking of the associated solvent molecules on addition of solute to it and (ii) the solvation of the solute molecules (here polymers and the drug).The former results in the decrease and the latter, in the increase of R o . In the present study, R o decreases suggesting to the view that the water structure is disrupted and then the water molecules as stated earlier, penetrate deep into the polymer molecules giving rise to swollen gel and the hydrophobic solvation of the drug molecules.
Internal pressure π i plays an important role in elucidating molecular interactions as this represents the resultant of the forces of attraction and repulsion between the molecules. The free volumes V f is the effective volume accessible to the center of a molecule in a liquid. The structure of a liquid is determined by strong repulsive forces in the liquid with the relatively weak attractive forces providing internal pressure which holds the liquid molecules together. The free volume seems to be conditional by the repulsive forces while the internal pressure is more sensitive to attractive forces. These two factors together uniquely determine the entropy (i.e., disorderness) of the system. The internal pressure, free volume and temperature are the thermodynamic variables that describe the liquid system of fixed composition. As observed, the internal pressure and free volume are negative and vary in opposite direction for the aqueous mixtures of polymers with and without the drug aceclofenac. The negative value of these two parameters indicate that there is a decrease in cohesive forces leading to the disruption of water structure in the systems containing the mixtures of polymer molecules and the drug as a result of which water molecules are entrapped in voids formed during uncoiling of polymeric chains in solution giving rise to swollen gel and the hydrophobic solvation of the drug. The measured density values of the aqueous mixture of the polymers with & without aceclofenac were found to be lower as compared to that of water but the densities of the polymer mixture containing aceclofenac are not so much affected as those without the drug. The lower density values of the polymer mixtures as compared with water may be attributed to the formation of the swollen state in aqueous polymers resulting in the increased volume and the higher density values may be due to the transformation of the swollen gel into true solutions entailing a decrease in volume.
Conclusion
The ultrasonic velocities of the polymer systems with and without the drug are higher than that of water. However, the ultrasonic velocities of the mixtures, containing the drug are comparatively lower than that of their counter parts. The lowering of sound velocity may be due to the decrease in the number of molecules because of inclusion complex formation of the drug molecules with the polymer molecules.
From the densities and ultrasonic velocities, the acoustic parameters such as isentropic compressibility, apparent molar isentropic compressibility, relative association, acoustic impedance, internal pressure and free volume of the systems have been calculated and discussed in the light of rupture of water structure leading to the formation of swollen gel in polymer mixtures and hydrophobic solvation of the drug with water soluble polymer molecules.
